Despite a long history of the use of Pinus thunbergii for technical, medicinal, agricultural, and other purposes, the composition of low-volatile metabolites in the used parts of the plant has been poorly investigated. We report here on the distribution of lipophilic extractive compounds in different parts of the shoot system (needles, defoliated twigs, outer bark) of P. thunbergii studied by GC/MS. The highest and lowest contents of lipophilic substances were found in defoliated twigs and in outer bark correspondingly. Acid compounds in the extract of needles comprised mainly labdane type diterpenoids (trans-communic acid), while in the extracts of defoliated twigs and outer bark the acids were represented predominantly by abietane type compounds (neoabietic, dehydroabietic, abietic, levopimaric and palustric acids). The major neutral components of the extract of needles were 10-nonacosanol, labdanoids (18-hydroxy-13-epi-manoyl oxide, trans-communol), and β-sitosterol. In the case of the extract of defoliated twigs, labdanoids (18-hydroxy-13-epi-manoyl oxide, trans-communol, 13-epi-torulosol), serratane triterpenoids (3β-methoxyserrat-14-en-21-one), and β-sitosterol were the main neutral constituents, whereas serratanoids (3β-methoxyserrat-14-en-21-one) alone dominated among the neutral compounds of the outer bark extract. Most of the neutral components and the labdane type acids were detected for the first time in organs and tissues of P. thunbergii. The distribution of lipophilic metabolites in the studied parts of P. thunbergii shoot system may be applied for chemotaxonomy purposes. Diversified accumulation of extractive substances in different organs of the plant should be taken into account for isolation of specific components from the pine raw material.
Pinus thunbergii Parl. (fam. Pinaceae, gen. Pinus, subgen. Pinus, sect. Pinus, subsect. Pinus) is a two-needle pine species naturally growing in coastal areas of southern Korea and Japan up to elevations of about 1000 m. Various parts of the plant have been used in traditional and folk medicines and cuisine. Needles and sprouts of P. thunbergii are used as ingredients in preparation of a healthy drink preventing arteriosclerosis, hypertension, and aging [1] . Water soluble compounds from the bark of the plant showed antioxidant activity [2] , as well as skin whitening and wrinkle smoothing effects [3] . Ethanol and methanol extracts of the pine needles were shown to inhibit α-amylase [4] and be active against influenza viruses [5] . Essential oil from needles possesses antimicrobial activity [6] , while essential oils from bark, needles, and wood exhibit growth inhibitory activity to microalgae [7] . Among all the P. thunbergii extractives, only the composition of the needle essential oil has been thoroughly investigated [8, 9] . However, high-volatile essential oil components, predominantly mono-and sesquiterpenoids, comprise a minor part of the pines' lipophilic extractives [9, 10] . Certain data on extractive compounds from different parts of P. thunbergii have been reported. The chemical composition of the pine oleoresin, including mono-, sesqui-, and diterpenoids, was briefly characterized [11] . Resin acids from the plant cone extracts were studied several decades ago [12] . Some leaf wax components, estolides, were isolated and their structures elucidated [13] , and the structures of polyprenols from the pine needles were determined [14] . A number of phenolic compounds were identified in wood and bark of P. thunbergii [15] . Total phenolic and proanthocyanidin contents of the water extract of pine bark was ascertained [2] . The diterpene hydrocarbon, cembrene (thunbergene), was first isolated from the root turpentine oil of P. thunbergii [16] . Data on the high-volatile components and several groups of extractive compounds of P. thunbergii are available, but the composition of the low-volatile lipophilic metabolites in needles, twigs, and especially bark of the plant remains generally undisclosed.
The goal of this work was a comparative study of the low-volatile lipophilic components of the needles, defoliated twigs, and outer bark of P. thunbergii from a single natural population, employing a GC/MS method. The distribution of lipophilic compounds in the shoot system of P. thunbergii will help to elaborate isolation methods for valuable phytochemicals from the plant raw material. On the other hand, chromatographic profiling of low-volatile secondary metabolites could be useful for chemotaxonomy of the genus Pinus. Air-dried needles, defoliated twigs, and outer bark of P. thunbergii were exhaustively extracted with n-hexane. The obtained extracts were fractionated according to the general procedure [17] into neutral compounds (NC) and acids (A). Yields of the extracts and the resulting fractions are shown in extractives decreased in the order: defoliated twigs (T) > needles (N) > outer bark (B). Neutral compounds (NC) containing large amounts of fats and waxes were saponified to give unsaponifiable neutral compounds (U) and acids (S). Yields of fractions S and U are shown in Table 2 . The amount of acids after saponification of the neutral compounds from defoliated twigs (T-S) was significantly higher than those in the case of needles (N-S) and outer bark (B-S), thus indicating the larger percentage of waxes, fats, and other esters in the defoliated twig extractives. The fractions A, NC, S, and U were analyzed using GC/MS (acid fractions were methylated with diazomethane prior to analysis). Data on the composition of fractions A and U are given in Tables 3  and 4 , respectively.
The major component of the acid fraction from the needle extract (N-A) was the labdanoid, trans-communic acid (43.8%), while contents of other diterpene acids were considerably lower {dehydroabietic (7.2%), abietic (5.9%), imbricatoloic (5.1%) acids}. The total percentage of fatty acids was ca. 4%. On the contrary, in the analogous fraction from the defoliated twig extract (T-A) the main acids were of the abietane type {neoabietic (19.0%), levopimaric together with palustric (19.0%), and dehydroabietic acids (10.1%)}. The content of labdane type acids {trans-communic (4.7%), imbricataloic (3.0%), and imbricatoloic (2.7%) acids} in this fraction was significantly inferior to that of fraction N-A. The fraction T-A was richer in fatty acids (ca. 7%) than N-A. Analogous to fraction T-A, the major components among the acids from the extract of the outer bark (B-A) were abietanoids {dehydroabietic (30.5%) and abietic (8.0%) acids}, while very minor amounts of labdane type acids {dihydroagathic acid together with dihydroagathic acid monomethyl ester (0.4%)} were detected. Fraction B-A contained a significant amount of fatty acids (ca. 23%), the dominant one being lignoceric acid (9.1%). In the order of the fractions N-A, T-A, and B-A, the percentages of labdane type acids (trans-communic, imbricataloic, imbricatoloic, and dihydroagathic acids) decreased, while the percentages of dehydroabietic, abietic, pimaric, and isopimaric acids increased. The maximal amounts of neoabietic and levopimaric together with palustric acids were found in fraction T-A compared with the other acid fractions. The percentage of saturated С 20 , С 22 , С 24 , and C 26 fatty acids increased in the series N-A, T-A, B-A content of unsaturated fatty acids was insignificant in all acid fractions. The prevalent component of the acids from the pine needles, trans-communic acid, was reported among the dominant compounds in oleoresin and a cone extract of Pinus luchuensis (subsect. Pinus) [11, 18] , a species which is very close to P. thunbergii in terms of botanical classification. Predominance of levopimaric with palustric acids over abietic acid in the fraction T-A indicates additionally that the analyzed samples of plant material were taken from healthy trees, non-infected with the invasive pine wood nematode, Bursaphelenchus xylophilus, widespread in East Asia nowadays [19] .
The fraction of unsaponifiable neutral compounds from the needle extract (N-U) contained ca. 12% of high-volatile compounds (mostly sesquiterpenoids), ca. 12% of diterpenoids, and ca. 17% of sterols. The major components in the fraction N-U were 10-nonacosanol (38.0%), β-sitosterol (15.8%), labdane type alcohols, 18-hydroxy-13-epi-manoyl oxide (4.0%) and transcommunol (3.8%). The total content of mono-and sesquiterpenoids in the unsaponifiable neutral compounds from the twig extract (T-U) was only ca. 6%, whereas the percentages of diterpenoids and triterpenoids made up ca. 37% and ca. 21%, respectively. The main components were β-sitosterol (19.8%), the triterpenoid 3β-methoxyserrat-14-en-21-one (15.7%), and the labdanoids (18-hydroxy-13-epi-manoyl oxide (8.0%), trans-communol (3.7%), and 13-epi-torulosol (3.6%)). The greatest variety of diterpene aldehydes and alcohols was found in fraction T-U. The fraction of bark unsaponifiable compounds (B-U) comprised high-volatile components (ca. 7%), diterpenoids (ca. 4%), sterols (ca. 20%), and a large amount of lanostane and serratane type triterpenoids (ca. 62%). The dominant compounds in the fraction were 3β-methoxyserrat-14-en-21-one (27.5%) and β-sitosterol (14.3%). Compared with the parent NC fractions, the content of β-sitosterol in the fractions N-U and T-U was ca. 4 times higher, while in the fraction B-U only ca. 2 times. The fraction T-U contained maximal amounts of diterpenoids, while B-U was particularly rich in triterpenoids.
The content of fatty acids in the fraction of acids after saponification of the neutral compounds from needles (N-S) was ca. 34%, the major ones being lauric, oleic, linoleic, and palmitic acids (ca. 20% in total). In the analogues fraction obtained from the extract of defoliated twigs (T-S) the dominant acids, linoleic, oleic, behenic, and lignoceric acids, made up to 66%. At the same time, the fraction of acids after saponification of the neutral compounds from outer bark (B-S) contained mostly saturated С 20 -С 26 even fatty acids (ca. 61% in sum), the major one being lignoceric acid (ca. 31%). The composition of the P. thunbergii extractive substances resembles that for P. densiflora [20] , another two-needle pine from subsect. Pinus, growing in the same region. The principal differences in the composition of lipophilic extractives in the case of these two geographically and systematically related species enclose the following features. First, all the bicyclic labdane type acids (trans-communic, imbricataloic, imbricatoloic, dihydroagathic acids) from the P. thunbergii extracts possessed the same (4S)-stereoconfiguration, whereas the analogous metabolites produced by P. densiflora were found to have the (4R)-configuration. Secondly, despite the fact that cembrene (thunbergene) was first found in roots of P. thunbergii, only minor amounts of it could be detected among the extractives of the outer bark. On the contrary, cembrane type diterpenoids are abundantly produced in the vegetative organs of P. densiflora.
The distribution was studied of low-volatile lipophilic compounds in needles, defoliated twigs, and outer bark of P. thunbergii. Acid compounds in the extract of needles comprised mainly labdane type diterpenoids (trans-communic acid), while in the extracts of defoliated twigs and outer bark the acids were represented predominantly by abietane type compounds (neoabietic, dehydroabietic, abietic, levopimaric and palustric acids). The major neutral components of the needle extract were 10-nonacosanol, labdanoids (18-hydroxy-13-epi-manoyl oxide, trans-communol), and β-sitosterol; in the case of the extract of defoliated twigs, they were labdanoids (18-hydroxy-13-epi-manoyl oxide, trans-communol, 13-epi-torulosol), serratane triterpenoids (3β-methoxyserrat-14-en-21-one), and β-sitosterol; whereas serratanoids (3β-methoxyserrat-14-en-21-one) alone dominated among the neutral compounds of the outer bark extract. Most of the neutral components and the labdane type acids were detected for the first time in organs and tissues of P. thunbergii. The low-volatile lipophilic compounds found in the studied parts of the pine extend the scope of its secondary metabolites detected earlier in essential oils.
